The profound effect of contracting muscles on blood flow has been a source of fascination for many clinical and basic scientists. While it is clear that muscle pump causes an increase in venous outflow, other phenomena related to its function remain controversial. The role of muscle pump in maintaining normal venous flow and pressure, the influence of its dysfunction on the natural history of venous diseases and outcomes of treatment have been the subjects of clinical investigations. Physiologists are debating the role of muscle pump in exercise-induced hyperaemia. Three recent papers from the University of Oslo, one of which is published in this issue of Phlebology, are attempting to bridge these diverse interests. 1, 2 Metabolic activity during contraction requires an increase in blood supply to the muscle. Several mechanisms are employed locally and systemically to provide this increased perfusion. An observation that locomotion in an upright position ensures the highest possible perfusion by a muscle pump became the basis for a theoretical model that explains exercise-induced muscle hyperaemia by the combination of vasodilation and an increased cardiac output caused by mobilization of peripheral blood volume. 3 It suggests that during relaxation, the pressure in the intramuscular veins is negative, which increases the arterial-venous gradient causing increased perfusion. Since it is not known whether negative pressures can in fact be produced, this mechanism remains largely hypothetical, and the debate centers on its existence and relative role in hyperaemia.
In their first paper, the group from the Institute of Basic Medical Sciences address exercise-induced hyperaemia. 2 The authors studied both a transient rise in femoral blood flow at the onset of exercise, and steady-state blood flow during exercise. They observed that the transient rise is larger in the tilted than in the supine position, concluding that muscle pump does increase muscle perfusion at the onset of rhythmic muscle work. However, the steady-flow increase in blood flow was the same in both positions, indicating that vasodilation 'seems to be a more important determinant of steady-state blood flow than the muscle pump'. 2 The second publication reports that reflux in the great saphenous vein (GSV) negatively impacts the contribution of muscle pump to exerciseinduced hyperaemia, and that surgical elimination of reflux reverses this impairment. The article in this issue of Phlebology confirms their findings. The authors concluded that 'a failure in the venous system could affect arterial blood flow during exercise'. They also proposed that GSV stripping can improve arterial leg blood flow during exercise. 1 The attempt to relate physiological data to the important clinical issue is an interesting development. As such, it deserves compliments and attention. If Dr Nådland's conclusions turn out to be true, venous reflux may impair arterial supply during exercise causing some undetected pathology. It may also present an opportunity to use changes in arterial flow as a marker of reflux severity, or as an indicator of increased pressure in deep veins.
First, let's make clear that no decrease in arterial flow was actually observed. On the contrary, in both positions, regardless of the presence of reflux, arterial flow significantly increased during exercise. However, in the absence of reflux, this increase in arterial flow was higher in the tilted position than in the supine. This difference was not statistically significant in the presence of reflux.
Apart from the statistical argument that the sample size of 10 patients is not sufficient to address type 2 error, the question arises: how large is the impact of the GSV reflux on arterial flow during exercise? The observed positional difference was limited to the initial transient increase in arterial flow at the onset of exercise. The mean magnitude of this difference was 0.146 L/minute. 1 This is equal to an additional 12 mL of blood supplied by the femoral artery during the five seconds of peak transient increase of flow. The steady-flow increase of blood flow was mainly determined by the metabolic need of the muscle, and was not affected by the presence of venous reflux. Thus the extremity with venous reflux receives 12 mL less of arterial blood than the limb with normal GSV during the entire period of exercise in an upright position. Considering the average blood flow rate in the femoral artery of about 500 mL/minute, it will be surprising if such minimal change can produce any pathological effect.
If negative pressure in muscular veins drives the arterial perfusion, then reflux can affect this by competing with arterial flow in filling intramuscular veins. More severe reflux, especially in deep veins, should have a larger impact on arterial flow. The arterial flow is relatively easy to measure non-invasively, and the possibility of using this as a marker for severity of reflux or for venous hypertension is very attractive. The existing evidence, however, make this possibility questionable. The increase in arterial blood flow during muscle exercise does not correlate with changes in venous pressure, or venous outflow, 4 partially due to a vascular waterfall effect. 5 This means that after a certain level, the decrease in venous pressure no longer affects arterial flow, also because the rapid filling of the deep veins after muscle contraction is predominantly from the superficial veins, even in the absence of reflux. 6 The pressure-based model of muscle pump seems to be a major simplification. Simultaneous measurements of compartment and venous pressures in healthy volunteers demonstrated that dramatic increases in intracompartment pressures translate into a negligible change in venous pressures. 7 Study of patients with venous disease confirmed these findings, and showed a prolonged increase in deep veins pressure caused by exercise in 20% of the limbs. None of the limbs with exercise-induced increase in deep venous pressure had GSV reflux, and all limbs with GSV reflux showed a decrease in deep venous pressure with exercise. 8 In other words, superficial vein pressure does not reflect pressure changes in the deep system during exercise, and the GSV reflux does not necessarily affect venous pressures in deep veins.
The concept of muscle pump is one of the fundamental components of the current framework of clinical phlebology. It has been around long enough to make us forget that many elements of this theoretical model are hypothetical, and had never been confirmed experimentally. This issue of Phlebology presents an interesting observation that venous reflux can cause a measurable change in exercise-induced hyperaemia. The clinical relevance of this new information has yet to be demonstrated, but its publication may catalyse studying important mechanisms of the muscle pump, and their clinical applications.
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